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DY. Bg. ihe penny? 


Daring 1934 the United States Bureau of Mines through the Denver office of 
the Safety Division cooperated with N.R.A. Divisional Coal Code Authority Divi-~ 
sion V, District 1 (Northern Colorado producers) in sampling 47 northern Colo- 
rado subbituminous coal mines; the work presented an excellent opportunity to 
observe operating and safety conditions and practices in this group of relative- 
ly small mines, This paper deals chiefly with safety conditions, The sampling 
was done to assist the code authorities in the classification of coals; analyses 
oz the samples were made by the coal. laboratory of the Bureau at the Pittsburgh 
(Pa,) Experiment Station and are appended hereto, 


NORTHEPN COLORADO COALS 


The term "northern Colorado coals" used in this report refers to coal mined 
in Boulder, Weld, Jefferson, El Paso, Jackson, Larimer, and Elbert Counties, 
Colo., all of which is sucbituminous and relatively nigh in moisture content, 

In 1933 the total coal production of the counties listed was 2,417,757 tons. 


The coal produced is consumed largely in Denver and adjoining counties and 
by the railroads of the district. The distance to which it can be shipped out 
of the State is limited to some extent by the ease with which it slacks and 
fires on exposure to air, 


All the larzer procucers except one are shaft mines, the shafts ranging up 
to 758 feet in depth, Co2l is mined by the roomand-pillar system, and pillars 
are largely extracted. 


The coal is cut by machines and sometimes sheared as well. Mechanical 
loading is just being introduced in the field, Where the thiclmess of the coal 
permits, 16 or more inches of roof coal are left for roof support, as the min 
roor is usually poor~quality shale, 


1 The Bureau of Mines will welcome reprinting of this information circular, pro- 
vided the following footnote acknowledgment is used: "Reprinted from U,5, 
Bureau of Mines Information Circular 6862," 

2 District enrineer, Safety Division, Health and Safety Branch, U.S. Bureau of 
Mines, Denver, Colo, , | 

3 Report of Colorado State Coal-Mine Inspector, 
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The coal beds in the larger mines usually are nearly flat with local irregu- 
larities; the western part of the field pitches sharply and is almost vertical in 
a few openings, Faulting is extensive, and sometimes the displaccment prevents 
extension of the mine worctings. The seology of the field is described in publi-~ 
cations* of the United States Geological Survey. Mining practices of some of 
the larger mines are described in Bureau of Mines Report of Investigations 3199. 


D 


OBSSRVATIONS CN UAZARDS IN MINING OPERATIONS 


Underground and surface sampling of the uy mines presented an opportunity 
to observe and inquire into mining conditions with particular reference to safcty, 
Excellent safety practices were in vogue at. many of the mines; good practices, 
however, are not discussed in this report. In the smller "vazon" mines safety 
conditions and practices varied widely, Conditions naturally were better in 
those small operations manned by experienced miners, <A number of such mincs 
have very capable and experienced officials and miners; meny of them, however, 
are operated with scanty equipment and little capital under adverse natural 
mine conditions by men striving to avoid relief rolls, who expose themselves 
‘and their fellow workers to considerably more hazax adie than would conft-ont them 
in well-planned and equipned mining operations. Some of these hazard;: can be 
minimized readily; others can be abated or climinated only by considerable ex- 
penditure. It seems questionable whether men for the sake of a meager living 
should risk or be allowed to risk life and limb and the welfare of their depend— 
ents without the ordinary safeguards commonly accepted in most mines through 
expericnce, 


The substandard or unsafe conditions or practices detailed below were ob- 
served in one or more mines, All these conditions and practices do not obtain 
in any one mine; most of them prevail in the smller mines and are suificiently 
widespread to warrant the conclusion that much improvement is desirable in the 
smaller mines as a class, A few notes avply to mines in the Soutnern Colorado 
field visited during the year. luch more time and opportunity rere available 
in the smaller than in the larger mines to oxamine and observe conditions while 
sampling, 


Roof Hazards 


Falls of roof and face account for about half of the coal-mine fatalitics 
underground and a large proportion of the broken backs and other serious in- 
juries received in all coal mines, Most of these could be prevented by adequate 


4. Hamons, S. #,, Cross, Wiitman, and Eldridvc, G. 2., Gcolosy of the Denver 
Basin in Colorado: Non, U.S. Geol. Survey, vol, 27, 1596, 
Martin, G. C., Conl of tne Denver Eaxsin; Csal Ficlds in Colorado and New 
Mexico: -U.S.°Gceol. Survoy Bull. 38lc, 1903, pn. 297-306, 
5 Tomlinson, H., A Study of Falls of Roof and Coal in Northern Colorado: ese. 
of Investigations 3199, Bureau of Mines, 1933, 20 pp. 
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timbering placcd wnen and wnere needed and by barrinz down loose and drummy ma- 
terial, The following are extracts from notes on individual mines: 


Timberins throughout tne parts of the mine traveled was inade- 
quate and was set in a ma‘ceshift manner. 


Roof conditions apmneared to be dangerous in several working 
places, particularly wnere the immeciate roof was shale. 


Overhanging draw slate is a hazard and should be cleaned down 
more carefully. 


For the Limited amount of development roof conditions were par- 
ticularly bad, The roof of one main entry contained a large piece 
of loose roof coal veishing half a ton or more; the other entry roof 
contained a piece of draw slate about 18 inches by 5 feet by 10 fect 
which had partly separated about 4 inches from the sandy shale roof, 
The oldtime miners worlzing nearby and tramming under the loose slate 
vianned to take it down when they had time and inclination, 


In a mine employing normally about 100 men "falls had occurred 
in 3 rooms over Sunday spanning the entire roadway and extending 15 
to 20 feet in leugtn," Crossbar sets should be placed at close 
intervals, 


In collecting sammles at a small operation the author had to 
crawl over 5 major falls in the main entry, and curing the sampling 
3 or 4 tons of roof fell near by, Imocking out 2 sets of timber. 
Anything is used for timber from old ties to cottonwood, No road- 
head props are used. The roof is a poor spongy slate whicn slacks 
readily and should be timbcred systcmatically. However, the 
operators prefer to timber scantily and spend considerable time 
cribbing in order to continuc operations, 


In various places throughout the mine dangerous roof conditions 
caused the three men workinz underground no concern, 


The timbcring agreement with the State mine inspector calls 
for timber on 5—foot centcrs, A number of places do not comply 
with this, and more timbering is nceded than that required by the 
agreement, Serious roof~fall accidents occurred recently in this 
large mince, 


Heulage Accidents 


Haulaze accidents result in many permanent partial disabilitics and fatal- 
ities, | | | 


The following notes are abstracted from reports of haulage conditions ob- 
served in small mines cacn naving one or more of the following unsafe practices 


or conditions: 
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In one mine a surface derail switch on the slope is spiked closed. 
The main-slope man=clearence is insufficient, and no manway is provided. 


Mine cars are badly in need of repair, No derailing device is 
used at the top of the main slope, 


The one mine car used for haulazve lacizts half of a bottom board and 
an entire end board. | 


There is no track in the mines a box with sheet-metal bottom hold~ 
ing about half a ton of coal is pulled to the surface by an automobile 
engine and cable, 


The hoist rope passes from the hoist by a series of sheaves along 
the ground to the foot of the tinple with some hazard to passersby. 
No drag is used on the slope, and there is no derail, Switches are of 
the foot-throw type. 


Bony coal and rock sobbed along the slope leave insufficient man- 
Clearance, The hoist landing indicator was not in use, the position 
of the trip being gaged by the turns of rope on the drum, 


The hoist cable is in very poor condition and is also badly in 
need of greasing. Broken strands are frequent throughout the cable 
length, 


The bell system is a jerk-line from tne bottom of the shaft toa 
bell at the shaft mouth, The signals heard at the hoist 75 feet away 
were easily mistaien, The indicator on the hoist probably will be put 
in working order, 


The skip cable showed consideratle wear from nonuse of rollers or 
sheaves on the slone, | 


Cars are not in food repair, and the track is rougn and uneven, 


During hoisting on tne slope the rope whins about, involving 
hazard to persons traveling tne slope, ond the man-clearance on the 
slope is limited, 


Safety catches are not installed on the cage, and overwind de- 
vices are not used, An improvised bell system is usually supplanted 
by shouting from the shaft bottom, Six-~pound rails are uscd, 


Hoisting from the shaft is by a horse-drawn windlass without a 
brake, The harness on the horse is old and in poor condition, 
Cagcs are counterbalanced, Underground tramming is done by hand, 
and as the low entries are not brushed men crouch on their imces 
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Wuile pusning cars, Most of the track in the mine is of 2-inch by 
4Y~inch beards, No rcom switches are uscd, cars ceing lifted off 
the entry track and turned onto the room tracks. 


Insufficient min clearance was noted between the loaded traci 
and the rib near the snaft bottom at this large mininz oneration, 


At one medium-size overation the floor in parts of the minc 
was heaving, and in places cne side of the track was a foot higher 
than the other side, The cars were not in good repair, and spill- 
age oF coal was oxcessive, 


At another medium-size operation the track was croolced and 
rough, The haulazjewy was badly "cluttered up" with coal and rock 
wnich mode walcing difficult, Many of the cars rere in need of 
repair, Considering the condition of the track, the man-trip 
should travel more slowly. Cagers wiscly keep their distance during 
coal hoisting becsuse of coal svillage dotm the snaft. 


In one large mine miners top their cars excessively, with the 
result that a great aeal of coel is spilled along heulagezays. 


Over 600 fect of the roadbed was ankle deep in mad, and in 
some places tne reils were under water. A mumber of falls were 
noted alons haulagemys, and timbdcrins was done in makeshift 
fasnion, In several places the crossbars had tazcen so mach weight 

nat the mle had to step outside of the tracis in ordor to pass 
under, Several broxen strands were noted in the slope hoist rope. 


Five of the smaller mines visited used automobile motors for hoisting coal, 
and one uscd 2 steam-opcerated thrashing tractor for operating a hoist and com 
pressor, Considerable ingenuity was manifested in the adaptation of these 
motors to haulage of coal. Most of tnem handle one leton car of coal, Usually 
these motors are not suitable cccause of insufficient specd control and lack of 
overwind device, In one instance the automobile motor drove a drum of a hoist 
which wes equipped with a hand bralce; and a brake lever extonded from the auto- 
mobile motor~drive shart to the hoist operator's position, 


Ventilation and Grses 


Methane gas has been encountered occasionzlly in some of the larger mines 
of the northern Colorado field, although detection of methane is rather un- 
common, It has been ignited on several occasions, burning men, Closed lights 
are used in most of the larger mines with "no-smo'sing" rules, and fircboss 
inspections are required, Carbon dioxide and nitrogen mixtures (black damp) - 
are mach more cormon than methanc, Black damp is formed quite readily by ab- 
sorption of oxyzen or oxidation of subbituminous coal, The larger mines are 
ventilated by relatively large-cavacity fans, but in soine of theso the circu- 
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lation of air in room entries is noticeably sluggish because too mach reliance 
is placed on leaky doors in slants, and canvas brattice is used too freely and 
installed loosely in numerous room and entry crosscuts, 


The following notes illustrate common occurrences of black damp or carbon 
dioxide when ventilation is inadequate or improperly directed, 


In tvvo workinz faccs in small mines black damp was found in 
percentages hign enough to affect a carbide lamp, It is under- 
stood that the fan is shut down after operating about an hour each 
morning, 


In most of the faces visited the ventilation was very poor, 
and the blacis damp present affected the carbide lamps, An attempt 
to inspect the sump failed because the superintendent's carbide 
lamp would not burn due to black damp present, 


Whenever the barometer drops, enough black damp is forced out 
of the old workings to extinguish the worlsers' carbide lamps. 


Recementing of cracxs in stopnings is frequently necessary to 
prevent tne admission of fumes from the fire to the main slope. 


In a number of the smaller mines substandard ventilation practice is common; 
& small northern Colorado co2l mines and 2 small coal mines in other parts of the 
otate relied solely uwnon natural ventilation, It is true that these mines were 
operating only a short distance from surface openings, but unquestionably condi- 
tions in these mines are such that good circulation of air induced mechanically 
1s essential for safety against black-damp accumulations, In the event of fire 
natural ventilation is likely to reverse and imperil men, as illustrated by the 
loss of a number of lives in northern Colorado; a mechanically induced air cur- 
rent can be utilized in directing the air in fighting fire and sealing off fire 
areas and offers a better chance for the men to escape than natural ventilation. 
In several mines the fan was said to be operated intermittently or shut down at 
night to save power costs; this practice permits gases from old workings or 
scaled»off fires to impede the worl: of the mine and endanger the men, Ome mine 
had a number of rooms turned but had only one opening, a shaft; it was ventilat- 
ed by blower and tubing. Two instances of considerable air leakaze were noted 
at the fan from leaky fan housing; much of the air intended for the mine was 
shorte-circuiting at the fan, 


Fire Hazard 


Reference has been made to the generally recognized hazard of spontaneaus 
ignition of subbituminous coal, Nevertheless, most of the mines, both large 
and small, lack underground water lincs to or near the faces for prompt combat- 
ting of fires, So far as known only one northern Colorado coal company owns 
modern oxygen breathing-apparatus equipment, and this was not being maintained 
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ready for use, The Unitea States Sureau of Mines maintains oxygen apparatus and 
fas masits on a truck and temporarily on a railroad mine rescue car at Denver; 
this apparatus is used frequently in remote parts of Colorado or outside the 
State, Training of northern Colorado coal miners in the use of this equipment 
had been almost completely abantoned owing to company economiss and the Bureau's 
lack of funds for this work, but in the spring of 1955 some training was con- 
ducted through the cooperation of minin:; companies, the State of Colorado, and 
the United States Bureau of Mines, Fortunately most of the many fires occurring 
in subbituminous mines develop slowly, and heated areas and fire areas are usu- 
ally sealed without great difficulty. 


In pitching coal onerations it wis observed that mach coal was left on the 
hanzing and foot wills, Later falls of coal leave fine coal in the room necks 
which is likely to ignite; sometimes not enough thought is siven to laying out 
workings to facilitate sealing of such likely fire areas. In some operations 
considerable gobbin;; of fine cozl in rooms adds to the danzer of spontaneous ig- 
nition, 


The natural fire hazard is frequently enhanced by nonfireproof construction 
and poor housekeeving. Some wooden tipples had poorly hunz, open electric wir- 
ing and little or no fire protection, Snillage of oil and grease and accumla- 
tion of combustible debris are comnaon in and about these tinples., In one in- 
stance hot ashes were used for the tijple foundation, and the waste durm was 
burning within 25 feet of the wooden tinpnle. ‘he wooden joists of the fan build- 
inz were largely soaked ‘vith oil. Surface buildin.;s of timber construction are 
sometimes located so as to form a fire hazard to men underground, In some in-~ 
stances wooden fan buildings and connections to airways present a hazard in that 
funes might be drawn into the mine froma surface fire at or around this fan, 
Several dry timbered hoisting; shafts were adjacent to wooden surface structures; 
in one mine sucha shart was the only cxit. 


The common use ox granular black blasting povder and pellet powder in the 
field also introcuces an additional hazard in firing coal, At least one recent 
fire is thought to hive started from a shot of pellet powder; unquestionably 
numerous fires are caused by this unsafe method of coalemine blasting. 


Many companies keep fire extin,uishers in surface buildings, but some of 
these extinguishers are not types approved by the Fire Underwriters and probably 
woule be effective only in incipient fires, 


Surface fire protection ranges from numerous hydrants and hose and good 
water pressure at some mines to no fire protection at many of the smaller proper- 
ties, | 


In two small mines hay vas scattered in and about the underground stable and 
the adjacent entry, constituting a fire nazard, and in one large mine apparently 
excess hay was stored underzround, 
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psplosives 


Tnis worl: afforded little Slee » to observe explosives practice. 
Pellet powder, graim.lar blacic blastias Souder and permiscivle explosives are 
used in the mines. Shooting so edie “ds done at the close of the shift or at 
noon (or both) be siot firers or miners. In gener-l, conml is cut ani also 
sheared; some solid snooting is practiced in tne smaller mines. 


At one small mine gelatin dynanite, aetonrtors, and vellet porder were 
stored together in a surfnce myazine. In two mines explosives and detonators 
were kept together in a powder vox, In another nrepared primers and 20 sticks 
of explosives were in a box on the entry close to the track, 


At two of the larger mines holes had been loaded beZore tue place ws under-~ 
cut, and during the slack season loaded holes are sometimes not fired for sev- 
eral days. Such practices result in dlown-out shots, ees exmiosions, and 

lsfires and the numerous hazards accompanying their handling 


several large and smil mines used coal~dust drillings anil slack co71l for 
stemming holes, 


Transportation of explosives in a second trip closely following the mu- 
trip was reported in one large mine, In a sml1l mine unboxed nellet povler and 
fuse were transported on a cage carrying 4 men wearing burning carbide lamps. 


The haulage roads, manways, and air courses of several lerge end sml1l 
mines were very dusty in wlaces., Inasrmch as heavy bdlastins with granular 
black blasting powler has been practiced in northern Colorado for many years 
without reported inctances of dust ignition ee overatore consider that there 
is little or no danver of dust explosions, ests of Wyominz subbituminoxs coal 
by the Bureau of Mines have shor that fine a dust can be imnited by a 
blown~out shot of blaciz: blastin. powder and nroduce a general explosion, More 
study is needed to determine what tectors are involved in the apparent immunity 
from dust explosions of the northern Colorado subbituwainous mines; meanwhile 
much more caution should be exercised than at present in the use of explosives 
in these mines, If a dust explosion should occur in a high-moisture conl of 
northern Colorado it vrobably would be started by the ignition of a considerable 
body of gas or by an electric arc in the presence of a large dust cloud froma 
wrecked trip or from the ignition of a consicerable amount of explosives. Dust 

“accumulations snould not be disrezgurded but should be brushed or wesned from 
ribs and timbers, and roadways should be cleaned regularly and as completely as 
practicable, Rock-dusting of these mines, especially those that are definitely 
dry, is desirable but is not likely to be practiced until after an explosion 
occurs, 


Dust accumulations were noted in tipples, and two instances of s,,ontaneous 
ignition of fine dust in a tipple were reported, 
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Power for trolley locomotives and coalecutting mechines is commoniy 250 and 
UU volts potential, In some mines the trolley wires are wellesuarded at places 
where men have to ass under them, as at branch entries and shaft bottoms; but 
even at such locations guards ure often lackinzs, with consequent dan;ser of 
electrocuting men, So long as men are exposed to unguarded trolley wires or 
power lines occasional loss of life is wnavoideble, Soie metal inines as well as 
a few coal mines have found taat boxing the trolley wire throughout the mine is 
feasivle and that the added protection to life pays in dollars and cents and in 


the prevention of suflering and misery, 


In both large anc small mines instances of substandard wiring on the tipnle 
and underground were reported; substandird practices inclade wires touching 
timbers and coal, vires poorly sunported, wires hung on nails or wooden wedges 
or wrapped around posts instead of on insulators, bare spots for connection to 
machine cables, anc noorly insulated splices in cables and wires, often where 
Clearance is limited and li,htinzg inadeqrate. Such wiring is co:mon in and 
about many coal mines of the United States altznouh it would not be tolerated 
in iniustrial plants or city residences and should not be allowed in any kind 
of mine, 


MiiscelLloneous 


Some of tne larger mines apparently lacied adequate supervisory force dur- 
ings the depression; at some of the smaller mines the undccorground foreman per- 
formed many duties underground, on the surface, anc in towm,. Even with the 
present supervisory force, much more attention could and should be given to 
safety practices, 


In some mines protective hats are used by alls in others there are none. 
In some mines goggles are comnonly used in pickin: operations: at others where 
the miners are supposed to use gosgles few or none were noted. Protective shoes 
are used only to a limited extent, 


No check-in-nanc-out system is reported at one small mine, 


First-aid material is usually available at least in the mine office, but 
one small mine had none, 


At least two of the sm1l mincs are said to have no mps of the underground 
workings, 


Poor plant maintenance was evident at severnl large and small minos. 
Many surface end underground machines were unzuarded or improperly guarded. 


One underground~to~surface telenhone systcin was not worlting, and a fire- 
boss vacancy at this mine hed not been filled. 
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Inciuiry at some small mines employing more than 4 men indicated t..at no 
compensation was carried, 


In mumerous instances substandard conditions and prectices have been con- 
demed by State mine inspectors and orders issued for their rectification, but 
the limited travel funds cf the State department have made the prompt carrying 
out of such orders difficult or imoossibie, For mines that definitely come 
under the certified-foreman provision of the mining law (mines employing three 
or more men underground) the State has been fairly successful in obtaining a re- 
sponsible es in most cases, 


cor CLUSION 


As previously stated, the unsafe deneitions and practices discussed herein 
do not obtain at all mines visited, Some small anc some large mines have ex- 
cellent safety conditions and practices, Good concaitions and practices snould 
be more universal, and conditions could be improved in many particulars 
with little present and probably no ultimate cost, Perhaps mines where capable 
men are employed with limitec and poor ey and working under adverse 
natural conditions could be combined to malze better mines, It certainly does 
not benefit the public welfare for mining operations to expose men constantly 
to unnecessary hazards, with resulting loss of life or injury to be paid for 
ultimately by the State and its citizons. 


The appended tabulations summarize the coal analyses made in connection with 
the sampling in this study; the analytical work was done by the coal laboratory 
at the Pittsburgh (Pa.) Experiment Station of the United States Burecu of Ilines. 
Table 1 summarizes the data on face samples talcen in. the mines, and teole 2 gives 
Similar data from tipple sammles, both the face sampling and the tippi> paler ne 
being according to Bureau of Mines standard methods, 
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